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(71) We, RIKEN LIGHT METAL 
INDUSTRY CO., LTD., a Japanese Com- 
pany of No, 2 — 1, 3-choine, Magrikane, 
Shizuoka-Shi, Shizuoka-Ken, Japan, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be pardcularly described in and by the 
following statement: — 

This invention relates to aluminium alloys 
and to shaped bodies and methods of making 
diem from such alloys. The invention is 
particularly concerned with the ageing of 
such alloys and of shaped bodies made there- 
from. 

An age hardening aluminium alloy has 
recendy been developed, mechanical proper- 
ties of which compare favourably with those 
of steel or like materials and which is light- 
weight, highly anti-corrosive and small in 
deformation resistance. Accordingly, it is 
used for various purposes, in particular, 
widely used for construction materials. The 
aluminium alloy shaped bodies, hereinafter 
called shapes, now used- for construcdon 
materials^ are marketed after being coated 
with paint. 

A conventional method of making alum- 
inium alloy shapes is as follows: — 

As illustrated in the chart shown in Figure 
1 of the accompanying drawings, the manu- 
facmre starts with homogenization treatment 
of a cast ingot of aluminium alloy, for ex- 
ample, at 550°C for 2 to 3 hours. The cast 
ingot is then preheated, for example, at 400 
to SOQOC for 5 to 10 minutes and is formed 
by extrusion to a predetermined shape. 

Next, the extruded^ shapes of the predeter- 
mined shape thus obtained are heated at 



205°C±5°C for 60 minutes to cause ageing 40 
to proceed. Thereafter, the extruded shapes 
are subjeaed to oxide film forming, coadng, 
coated film curing and hardening and like 
treatments to provide the finished aluminium 
alloy shapes. 45 

In the conventional manufacturing method, 
however, substantially no consideration is 
paid to economy of energy and simplifica- 
tion of the manufacturing processes, so that 
there are many problems to be solved. To 50 
overcome such problems, the inventors of 
the present invention have now devised a 
method, as illustrated in the chart shown 
in Figure 2 of the accompanying drawing, in 
which the extruded shapes are immediately 55 
subjected to oxide film formation and coating 
treatments without artificially expediting 
ageing of the aluminium alloy and are then 
heat-treated to thereby effect curing and 
hardening of the coated film and, also, age- 60 
ing. 

With this manufacturing method, oxide 
film formadon, coadng and other treatments 
are achieved before ageing of the aluminiimi 
alloy, so that these treatments can be easily 65 
performed and all the processes from extru- 
sion forming to coating can be arranged as 
a continuous system. Further, since ageing 
is caused to proceed simultaneously with 
the ctjring and hardening of the coating, a 70 
separate heat treatment for ageing can be 
saved, which accomplishes an economy of 
energy and, also, ensures good adherence of 
the coated film with the shapes. 

However, the manufacturing method illus- 75 
trated in Figure 2 makes it necessary that 
the condition for ageing of the aluminium 
alloy and that for curing and hardening of 
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the coated film are substantially coincident 
with each other. It is very difl5ciilt to satisfy 
this requirement on an industrial scale. 
An aluminium alloy commercially known 
. 5 under the name of A.A6063 is niost widely 
used as a construction materiaL This 
aluminium alloy is a typical age hardening 
alloy and an excellent alloy sudi that when 
it is in the state of a cast ingot, it can be 
10 given a required extrusion capability by homo- 
genization treatment and preheat treatment, 
and ageing can be brought about by sub- 
sequent heating to provide the desired 
mechanical chamcteristics. Further, this alloy 
15 contains 0.52% of magnesiimi and 0.45% 
of silicon, and is only commercially available 
with these amounts of alloying elements. In 
the case of this alloy, the extrusion capability 
is not impaired when it is heat-treated at 
20 205°C±5°C for 60 minutes and with the 
heat treatment ageing properly proceeds to 
provide predetermined meciianical properties. 
However, if the conditions for ageing are 
altered, that is, if the time for ageing is 
25 shortened and if the ageing temperature is 
lowered, the predetermined mechanical pro- 
perties cannot be obtained. 

Accordingly, in the case where the coated 
oxide filin curing and hardening treatment 
30 and the ageing treatment are made coincident 
with each other in this conventional alloy, if 
no special paint is used for the coating it is 
required to lower the heating temperature 
and unnecessarily lengthen the heat treatment 
35 time so as not to deteriorate properties of 
the coated film. However, this brings about 
unfavourable results. 

On the other hand, it is considered 
possible that if a special paint suitable to 
40 withstand the ageing conditions of the con- 
ventional alloy is employed, the coated film 
printing and hardening and the age harden- 
ing of the alloy can be achieved at the same 
time. However, it is technically difi&cult to 
45 raise only ^e printing and hardening 
temperature, for example, up to 205°C±5°C 
without impairing the water solubility of 
the paint wUch is the most suitable for 
dip coating. Even when this problem is 
50 technically solved, the special paint must 
contain an expensive composition, and hence 
is very cosdy. 

Further, considering the ageing conditions 
of the conventional alloy from the viewpoint 
55 of energy^ the ageing temperature of 205°C 
±5°C is too high and it is desirable to 
lower the temperature, and the ageing time 
of 60 minutes is also too long and it is 
preferred to shorten this time. 
60 The aim of this invention is to provide 
an aluminium alloy of a composition which 
enables sufi&cient ageing^ of the alloy to be 
effected by heating it "at a temperature of 
not mote than 200°C for from 20 to 50 
65 minutes, and to provide a method of making 



aluminium alloy shapes by subjecting an , 
aluminium alloy of such composition to cast- ) 
ing, extrusion forming and surface treatment. 
According to the present invention, an 
aluminium alloy consists by weight of 0.65% 70 
to 0.75% magnesiuni> and 0.50% to 0.60% 
silicon, or 0.47% to 0.57% magnesium and 
0.75% to 0.85% silicon, and the remainder 
aluminium except for impurities including 
iron, copper, manganese, zinc, chromium, 75 
and titanium, the aluminium alloy being sub- 
jected to ageing treatment at a temperature 
of not more than 200°C for from 20 to 50 
minutes to obtain a 0,2% proof stress greater 
than 11 kg/nam=, an ultimate tensile strength 80 
greater than 15 kg/mm^ and elongation 
greater than SVo- 

The invention also consists, in another 
of the aspects, in an aluminium alloy shape 
composed of the alloy in accordance with the 85 
invention, the shape being coated over its 
surface before the ageing treatment with a 
water soluble paint which is hardened at a 
temperature of not more than 200°C. 

According to yet another aspect of the in- 90 
vention, a method of making an aluminium 
alloy shape comprises the steps of extrusion 
fa rmin g a cast aluminium alloy in accordance 
with the invention to obtain an extrusion the 
cast material consisting, by weight of 0.65% 95 
to 0.75% magnesium and 0.50% to 0.60% 
silicon, or 0.47% to 0.57% magnesium and 
0.75% to 0.85% silicon, and the remainder 
aluminium except for impurities including 
iron, copper, manganese, zinc, chromium, 100 
and titaniuno, fonning an oxide film on the 
surface of die extrusion, coating the film 
with paint, and heating the extrusion at a 
temperature of not more than 200°C for 
from 20. to 50 minutes to efEect curing and 105 
hardening of said coated film and simul- 
taneously age hardening of the extrusion. 

Some examples of alloys, shapes and 
methods in accordance with the invention 
will now be described with reference to the 1 10 
accompanying drawings in which: — 

Figure 1 is as already mentioned, a flow 
chart of a conventional method of making 
aluminium alloy shapes; 

Figure 2 is a flow chart of a method of 115 
making aluminium alloy shapes from an alloy 
in accordance with this invention; 

Figures 3 to 6, inclusive, are graphs show- 
ing mechanical properties of one example of 
an aluminiiuxi alloy shape in accordance with 120 
the invention and one example of a conven- 
tional aluminium alloy shape for comparison 
therewith; 

Figure 7 is a front view of a sliding door, 
which made of an alloy in accordance with 125 
the invention, is put to a wind tunnel test; 
Figure 8 is a cross-sectional view taken 
/ on the line A — ^A in Figure 7; 

Figure 9 is a cross-sectional view taken 
on the line E — in Figure 7; and, 130 
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Figure 10 is a graph showing the results 
of the wind tunnel test of the sliding door 
shown in Figures 7 to 9, 

A description will t5e given' first with 
5 regard to the composition of the aluminium 
alloy in accordance with the invention. 

(A) An important feature of the alloy in 
accordance with the present invention lies 
in the ageing conditions and it is of prime 

10 importance that required mechanical proper- 
ties are obtained with the ageing conditions. 
Tn the alloy A.A6063 which is now widely 
used for construction materials, ageing pro- 
ceeds when it is heated at 205°C±5°C for 

15 60 minutes and optimum mechanical proper- 
ties are thus obtained. However, in the case 
where ageing is caused to proceed simul- 
taneously with hardening of a coated film of 
an inexpensive water soluble paint and the 

20 heating time for age hardening is markedly 
shortened as with the alloy of tite present 
invention, ageing of the alloy proceeds at 
a temperature of not more than 200°C 
and a period of time in the range of 20 to 

25 50 minutes. 

(B) In alloys in accordance with the pre- 
sent invention, mechanical properties, which 
are equal to or better than mose of con- 
ventional aluminium alloys are obtained with 

30 the ageing conditions mentioned in (A). 
Accordingly, the mechanical strength of the 
alloy A.A6063 (0.2% proof stress 11 kg/ 
mm^ ultimate tensile strength 15 kg/mm^, 
elongation 8%) which is regarded as proper, 

35 is aimed at. In particular, 0,2% proof stress 
of 15 kg/mm^, ultimate tensile strength of 
20 kg/mm^ and elongation of greater than 
8% are aimed values, which are obtainable 
with the alloy of this invention. 

40 (C) Magnesium forms an intermetallic 
compound such as MggSi with silicon in 
aluminium and is deposited in the form of 
MgsSi with a decrease in the solubility of 
magnesium. With an increase in the amount 

45 of MgsSi deposited, mechanical strength of 
the aUoy is enhanced and MgaSi is deposited 
through a process of an acicular phase (G.P. 
Zone)— a bar-shaped phase — a plate shaped 
phase. However if excessive ageing occurs in 

50 this process, MgsSi is separat^ in the plate- 
shaped phase, die meclianical strength of 
which is deteriorated as compared with that 
of the acicuular or bar-shaped phase. 

To avoid diis, the inventors of the present 

55 invention studied the range of amount of 
each of magnesium and silicon in which 
ageing would be properly achieved under the 
ageing conditions referred to in (A) and 
MgoSi would be appropriately deposited in 

60 the acicular or bar-shaped phase and, as a 
result of their study, it has been found that 
when silicon is in the range of 0.50% to 
0.60% by weight a proper range of mag- 
nesium is 0.65% to 0.75% by weight and 

65 that when silicon is in the range of 0.75% 



to 0.85% by weight, the proper range of 
magnesium is 0.47 to 0.57% by weight. 

If the silicon content is in the range of 
0.50% to 0.60% by weight, with magnesium 
less than 0.65% by weight, the required 70 
strength caimot be obtained and, with mag- 
nesiimi exceeding 0.75% by weight the ex- 
trusion property poses a problem. 

Further, in the case of silicon in the 
range of 0.75% to 0.85% by weight, when 75 
magnesium is less than 0.47% by weight 
the age hardening property is rapidly 
deteriorated. Further, when magnesium is 
more than 0.57% by weight, if excess silicon 
is assumed to be present, a problem arises in 80 
the extrusion property, too, and the ageing 
promotional effect by silicon is lost. 

Silicon forms the intermetallic compound 
such as MgsSi with magnesium and, at the 
same time, excess silicon expedites ageing. 85 
For example, even under such ageing condi- 
tions as a temperature of not more than 
200°C and a time of 20 to 50 minutes, age 
hardening is promoted by silicon. Therefore, 
silicon is indispensable to this invention. 90 
Further, silicon impairs the extrusion pro- 
perty less than magnesiimi and it might be 
said to be preferable to increase the amount 
of silicon added rather than that of mag- 
nesiimi. 95 

Where the amount of magnesium is in the 
range of 0.47 to 0.57% by weight, this range 
covers that contained in the conventional 
alloy A.A6063 but the amount of silicon is 
greater than in the conventional alloy. 100 
Accordingly, in this case, since the amoimt 
of magnesium is small, even though a greater 
amount of silicon is contained, the rate of 
deterioration of the extrusion property is low, 
as compared with the case where the amount 105 
of magnesium is large. Further, since the 
amotmt of magnesium is small, the amount 
of silicon can be made greater and the 
mechanical strength can be enhanced to some 
extent by the effect of adding silicon. 1 10 

It will be seen that the amounts of mag- 
nesium and silicon are related to eadi other 
and it is preferred that the amounts of mag- 
nesium and silicon are 0.70% to 0.55% by 
weight respectively or close to these values 1 1 5 
or 0.52% and 0.80% by weight respectively 
or close to these values. In £ese alloys, the 
required mechanical strength can be obtained 
by ageing at the lowest temperamre in a 
short time and the adherence of the coated 120 
film is also enhanced. 

Iron is generally called an impurity ele- 
ment in aluminium alloys and forms for 
example AlFeSi, FeaSiAlz, FCoSioAl^, with 
aluminium and silicon. TTiese ternary com- 125 
pounds are deposited in the form of rela- 
tively large particles in the matrix. Accord- 
ingly, a large amount of iron added deterior- 
ates the mechanical strength of an alloy, and 
hence is not desirable. However, ternary 130 
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compounds of some compositions appropri- 
ately roughen the surface of an aluminium 
alloy shape and are favourable for the forma- 
tion of an oxide film and the effective bond- 
5 ing of a paint coating over the film. There- 
fore, the amount of iron is preferred to be 

in-the range of 0.15% to 0.25% by weight. 

Copper, manganese, zinc, chromium, titan- 
ium, and the impurities are mixed in refining 

10 and other processes and it is desirable that 
the amounts of then mixed are as small as 
possible, preferably less than 0.05% by 
weight. 

" TTie aluminium alloy in accordance with 

15 this invention having a composition as des- 
cribed in the foregoing and being aged at a 
temperature below 200^C for 20 to 50 
minutes, achieves the required mechanical 
strength. In die case of shapes of this alloy, 
20 the ageing treatment and the coated film 
printing and hardening treatment caii be 
effected simultaneously, as sho\vn in Figure 
2 of the drawings and even if the coated 
fjltn is of an easily available water soluble 
25 paint, it does not become yellowish. 

A cast billet of an aluminium alloy in 
accordance with this invention is subjected 
to homogenization treatment and preheat 
treatment under usual conditions and is then 
30 formed by extrusion, for example, at an ex- 
trusion speed of 26 m/min., aJEter which 
the resulting aluminium alloy shape is sub- 
jeaed to correcting, oxide film forming apd 
coating processes. For the purpose of coating 
35 a water soluble thermo-setting paint is satis- 
factory and, in usual cases, the paint for this 
purpose niay be,, for example, of an acrylic 
system. After the coating process, the 
aluminium alloy material is heated at a 
40 temperamre of not more than 200°C for 20 
to 50 minutes, by which the coated film is 
cured and hardened and, at the same time, 
ageing is properly effected, thus providing 
an aluminim alloy shape having the mechani- 
45. cal properties mentioned previously in (B). 
In the above example, the aluminium alloy 
shape formed of the alloy of the afore- 
mentioned composition is not subjected to 
the ageing process immediately after extru- 
50 sion forming but, instead, is subjected to 
the coated film printing and hardening pro- 
cess and the ageing process at the same time. 
This is because of the fact that omission 
of the ageing step, indispensable to the con- 
55 ventional method, is preferred from the view- 
points of economy of energy and the intimate 
adherence of the coated film. Accordingly, 
the alloy of the aforesaid composition can 
also be treated by a conventional method. 
60 In such a case, extrusion forming is immedi- 
ately followed by the ageing process but 
the ageing conditions in this case are a 
temperature of not more than 200°C and 
a time of 20 to 50 nainutes. Even under such 
65 conditions, the mechanical properties referred 



to above in (B) can be obtained and, further, 
since the ageing time is shortened and the 
ageing temperature is lowered, an economy 
of energy can be accomplished correspond- 
ingly. ^ ^ 70 

Further, as described previously, when the 
ageing process is achieved simultaneously 
with the coated film printing and hardening 
process after the surface treatment, a series 
of processes for extrusion forming, pretreat- 75 
ments such as degreasing and rinsing, oxide 
film forming, coating and heat treatment for 
ageing and coated film curing and hardening 
can be designed as a continuous flow system. 
Moreover, in the case of simultaneously gg 
effecting age hardening and coated film curing 
and hardening, the aluminium aUoy shape is 
likely to be distorted when it is suspended 
horizontally, as in the prior art^ during such 
respective treatments as mentioned above and 85 
in the final heat treatment, since the alum- 
inium alloy has not yet gained its pre- 
determined mechanical strength. This can 
be completely avoided by suspending the 
aluminiimi alloy shape vertically during such 90 
treatments. Further, by subjecting the 
aluminium alloy shape to all of the aforesaid 
processes while suspending it vertically, the 
processes can be easily automated and varia- 
tions in the coated film can also be reduced. 95 

Examples of this invention will now be 
described. 

EXAMPLE 1 
Billets of two kinds of aluminium alloys 
a and h (aluminium alloy a contained 0.70% 100 
of Mg, 0.55% of Si, 0.20 of Fe, odier im- 
purities and die remainder Al, and aluminium 
alloy h contained 0.52% of Mg, 0.80% of Si, 
0.20% of Fe, other impurities and the re- 
mainder Al) were subjected to homogenisa- 105 
tion treatment at 5S0°C for 3 hours and were 
preheated at 450^C for 10 minutes and then 
respective alimiinium alloy shapes were 
formed by extrusion at an extrusion speed 
of 24 m/min. 110 

Thereafter, the respective aluminium alloy 
shapes were soaked in a 6% NaOH aqueous 
solution (60°C) for 30 seconds for degreasing 
and were rinsed with water. Thereafter they 
were soaked in a 10% HNO3 aqueous sola- 115 
tion (room temperature) for neutralization. 

Next, the aluminium alloy shapes were 
anodized in a 15% sulphuric acid aqueous 
solution to form an aluminium oxide film 
of 7 to 8 a thickness as a ground film. 120 

Following this, the aluminium aUoy shapes 
were dipped in an acr^dic \wer sclr.ble 
paint (containing 13.1% of acrylic resin, 
6.1% of malamine resin, 22.1% of IPA, 
3.4% of Ethylene Glycol: Monoethyl Ether 125 
and 55.1% water and others) to form a 
coating film. Then, the aluminium alloy 
shapes were each heat-treated at different 
temperatures which were ISO^C, 190°C and 
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lOO^C, respectively, to harden the paint film 
and, at the same time, achieve ageing of the 
alloy. The relationship of the ageing time 
to the 0.2% proof stress in this example were 

5 such as shown in Figure 3. 

In Figure 3, solid lines indicate the alloy 
a, dotted lines indicate the alloy (b) and 
broken lines indicate the conventional alloy 
A.A6063 produced under the same condi- 

10 tions as mentioned above. 

The relationships of the ageing tempera- 
ture to the 0.2% proof stress in the alloy a, 
the alloy b and the alloy A.A6063 are such 
as shown in Figure 4, in which the alloys 

15 are indicated by the same lines as in Figure 
3, respectively. 

Further, the relationships of the ageing 
time to the ultimate tensile strength and the 
elongation in the alloys a, b and A.A6063 are 

20 such as shown in Figures 5 and 6, respec- 
tively. 

In Figures 3 to 6, reference numerals 1 
and 2 designate the JIS (Japanese Industrial 
Standards) level and the A.A. standard level, 

25 respectively. 

The effects of the alloys a and b of this 
invention were ascertained as described above 
and, at the same time, the adherence of the 
coated films on the alloys was examined in 

30 boiling water and, as a result of this examina- 
tion, found to be very excellent. 

EXAMPLE 2 
As in the Example 1, two kinds of shapes 
formed of a conventional alloy and the alloy 

35 (a) of this invention, both employed in the 
Example 1, were heated at 190 °C for 30 
minutes to effect curing and hardening of 
coated films and, also, age hardening. Sliding 
doors such as shown in Figures 7, 8 and 9 

40 were constructed with the above two kinds 
of aluminium alloy shapes and each of the 
sliding doors was subjected to a pressure 
test in a wind tmmel to examine its actual 
pressure resistance. 

45 A front view of each sliding door put to 
the test is shown in Figure 7 and its cross- 
sectional views taken on the line A — ^A 
and B— B in Figure 7 are shovm in Figures 
8 and 9, respectively. The sizes of those 

50 parts of the sliding door indicated by refer- 
ence characters in Figures 7 to 9 are as 
follows: • 
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In the wind tunnel test, air was blown 



against each sliding door from the outside 
thereof or sucked on the outside thereof at a 
pressure of 50 kg/m= to 120 kg/m= and de- 65 
flection at die position of Wg in Figure 7 
measured. 

The mode of blowing or suaion of air 
was such that pressure of air blown against 
the sliding door from the outside thereof was 70 
taken as positive and that pressure of air 
sucked on the outside of the sliding door was 
taken as negative. The positive and negative 
pressures are indicated by circles and. crosses, 
respectively, in Figure 10, which shows the 75 
deflection against wind force. 

Considering that sliding doors above the 
solid line 3 in Figure 10 are accepted ones, 
the doors formed of the alloy shapes of this 
invention are all excellent. 80 

As has been described in detail in the 
foregoing, in the aluminium alloy shapes of 
this invention, ageing properly proceeds at a 
temperature of not more than 200°C for 20 
to 50 minutes and sufficient ; mechanical 85 
strength can be obtained. Accordingly, even 
if a water soluble thermal setting type paint 
is employed, curing and hardening of the 
coated film and age hardening can be 
achieved simultaneously. This permits 90 
simplification of processes for the manu- 
facture of aluminium alloy shapes and marked 
reduction of energy consumed therefor. More- 
over, as is apparent from a comparison of 
the ageing conditions of this invention with 95 
that of the conventional age hardening 
aluminium alloy shapes, the ageing tempera- 
ture is low and the ageing time is appreci- 
ably shorter. This also accomplishes an 
economy of energy. 100 

WHAT WE CLAIM IS: — 

L An aluminiimi alloy consisting, by 
weight, of 0.65% to 0.75% magnesium and 
0.50% to 0.607o silicon, or 0.47% to 0.57% 
magnesium and 0.75% to 0.85% silicon, and 105 
the remainder aluminium except for im- 
purities including iron, copper, manganese, 
zin^ chromium and titaniimi, the aluminium 
alloy being subjected to ageing treatment at 
a temperature of not more than 200^C for 110 
from 20 to 50 minutes to obtain a 0.2% 
proof stress greater than 11 kg/mm^, an 
ultimate tensile strength greater than IS kg/ 
imn= and elongation greater than 8%. 

2. An aluminium alloy shape composed of 115 
an alloy in accordance with claim 1, the 
shape being coated over its surface before 

the ageing treatment with a water soluble 
paint which is hardened at a temperature 
of not more than 200°C. 120 

3. A method of making an aluminium alloy 
shape comprising ejctrusion forming a cast 
material to obtain an extrusion, the cast 
material consisting, by weight, of 0.65% 

to 0.75% magnesium and 0.50% to 0.60% 125 
silicon, or 0.47% to 0.57% magnesium and 
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0.75% to 0.85% silicon, and the remainder 
aluminium except for impurities including 
iron, copper, manganese, zinc, chromium and 
tiunium, forming an oxide film on the surface 

5 of the extrusion, coating the film with paint, 
and heating the extrusion at a temperature of 
not more than 200^C for from 20 to 50 
minutes to efiEect curing and hardening of 
said coated film and simultaneously age 

10 hardening of the extrusion. 

4. An alloy according to claim in which 
the iron content is between 0.15% and 0.25% 
by weight. 

5. An alloy shape according to claim 2> in 
1 5 which the iron content of the alloy is between 

0,15% and 0.25% by weight. 

6. A method according to claim 3, in 



\^iiich the iron content of the alloy is be- 
tween 0.15% and 0.25% by weight. 

7. An alloy according to claim 1, sub- 
stantially as described with reference to Ex- 
ample 1 herein. 

8. An alloy shape according to claim 2, 
substantially as described with reference to 
Example 1 herein. 

9. A method according to claim 3, sub- 
stantially as described with reference to 
Example 1 herein. 

For the Applicants: 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
53/64 Chancery Lane, 
London, WC2A IHN. 
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